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WEATHER MODIFICATION 

The Science Behind Cloud Seeding 

The Science 

The cloud-seeding process aids precipitation formation by 

enhancing ice crystal production in clouds. When the ice crystals 

grow sufficiently, they become snowflakes and fall to the 

ground.  

Silver iodide has been selected for its environmental safety and 

superior efficiency in producing ice in clouds. Silver iodide adds 

microscopic particles with a structural similarity to natural ice 

crystals. Ground-based and aircraft-borne technologies can be 

used to add the particles to the clouds. 

Safety 

Research has clearly documented that cloud seeding with silver-

iodide aerosols shows no environmentally harmful effect. Iodine 

is a component of many necessary amino acids. Silver is both 

quite inert and naturally occurring, the amounts released are far 

less than background silver already present in unseeded areas. 

Effectiveness 

Numerous studies performed by universities, professional 

research organizations, private utility companies and weather 

modification providers have conclusively demonstrated the 

ability for Silver Iodide to augment precipitation under the 

proper atmospheric conditions.  
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EXECUTIVE SUMMARY 

Salt Lake City initially sponsored winter cloud seeding programs targeting the Six 

Creeks drainage basin in Water Years 1989 through 1996, with NAWC operating these 

programs. NAWC analysis of potential effects of the seeding indicated positive effects (~6% to 

17% for water years 1989 and 1990, Thompson, et al., 1990).  It was NAWCȭÓ understanding 

that this program was discontinued following water year (1996) due to budgetary 

considerations.  

SLCDPU expressed an interest in the fall of 2018 in re-establishing a cloud seeding 

program to impact the Six Creeks drainage basins that provide runoff to the Salt Lake Valley. A 

proposal was drawn up by NAWC and accepted by SLCDPU in the fall of 2018, and the first 

season of operations for the current program began in December 2019. 

NAWC submitted another proposal in early October 2019 for a second season of cloud 

ÓÅÅÄÉÎÇ ÆÏÒ 3ÉØ #ÒÅÅËÓȟ ÁÎÄ ÉÔ ×ÁÓ ÁÃÃÅÐÔÅÄ Á ÆÅ× ×ÅÅËÓ ÌÁÔÅÒȢ  4ÈÉÓ ÓÅÁÓÏÎȭÓ ÃÌÏÕÄ ÓÅÅÄÉÎÇ 

program began on November 15, 2019 and ended on April 16, 2020.  A total of 24 storm events 

were seeded during all or portions of 38 days during the 2019-2020 season, using a network of 

eight ground-based silver iodide generators. Two of these events occurred in November, two 

in December, nine in January, three in February, six in March and two additional seeding 

events in April.  A total of 838.00 cumulative hours of seeding generator operations were 

conducted during the season from the ground sites. Figure E.1 shows the April 1 NRCS 

snowpack basin percentage of median map for the state of Utah.   

Snowpack/precipitation was near to slightly above normal in the Six Creeks project 

area during the 2019-2020 winter season.  As of April 17, 2020, sites in the Six Creeks target 

area reported snowpack water content ranging from about 95% to 143% of the median, with 

an overall basin value of 108%. 
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Figure E.1 Utah Percent of Median April 1, 20 20 Snow Water Content  

 

Target/control evaluations were developed for the Six Creeks seeding program, 

utilizing NRCS SNOpack TELemetry (SNOTEL) precipitation and snow water content data.  The 

precipitation evaluations include those utilizing both December ɀ March and November ɀ April 
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totals.  For this report, ÃÏÎÓÉÓÔÅÎÔ ×ÉÔÈ ÌÁÓÔ ÓÅÁÓÏÎȭÓ ÁÎÁÌÙÓÉÓȟ the December ɀ March 

regressions were applied to the current season. The other evaluations were based on April 1 

snow water content (SWE) values.  The same set of target and control sites was utilized for the 

various evaluations, which includes five target and three control sites as detailed in Section 6.3 

of the report.  For each data type (i.e. December ɀ March precipitation, November ɀ April 

precipitation, and April 1 SWE), both linear and multiple linear regression equations were 

developed.   

Results of the regression analyses for the 2020 water year were mixed, with the 

precipitation evaluations (December ɀ March, linear and multiple linear) yielding 

observed/predicted ratios of 1.07 and 1.02, respectively.  Ratios above 1.0 would be suggestive 

of an increase in target area precipitation due to seeding, while values near or below 1.0 are 

not.  Given that these two values are above 1.0, they are suggestive of a positive seeding effect.  

In contrast, the snowpack evaluations (April 1 SWE, linear and multiple linear) single-season 

yielded ratios of 1.25 and 1.27, respectively.  These are suggestive of increases to the natural 

snowpack (25-27%) that could be at least partially attributed to seeding operations, although 

it is not clear why the single-season results for snowpack are so high compared to those for 

precipitation . An average of the four target/control results summarized here yields a 

ratio of 1. 15, which could be suggestive  of an 15% overall increase in 

precipitation/snowpack due to seeding.  This would be the equivalent of over 3 inches 

of additional water in the target area during the season.   However, it needs to be 

emphasized that single-season results are not considered statistically significant for this type 

of target/control evaluation .  In general, the evaluation of at least 10-15 seeded seasons is 

considered necessary to get a reasonably good estimate of the seeding effects using such 

evaluation techniques for this type of program.  

 

Recommendations   

It is recommended that the winter seeding program for the Six Creeks Target area be 

continued.  Routine application of weather modification technology each year can help 

stabilize and bolster water supplies (both surface and underground storage).  Commitment to 

conduct a program each winter provides stability and acceptance by funding agencies and the 

general public.  The program is designed so that it can be temporarily suspended or 

terminated during a given winter season, should snowpack accumulate to the point where 

additional water may not be beneficial. 

Other reasons to conduct the program in an ongoing fashion, rather than only during 

drier than normal winters  are as follows: 

1. It is very difficult to predict a wet or dry season in advance. 
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2. A season could start out wet, but then turn dry (the earlier seeding opportunities in the 

wet period would be missed). 

3. Drier seasons, by definition, will have fewer seeding opportunities, which means the 

total water increase due to seeding will be less. 

4. Seeding in normal and above-normal water years will provide additional water 

supplies (surface and underground carryover) for use in drier water years. 
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1.0 INTRODUCTION 

 

There exists a history of cloud seeding operations for the Six Creeks drainage basins 

dating back to the late 1980s. Salt Lake City has sponsored winter cloud seeding programs 

targeting the area in water years 1989 through 1996. North American Weather Consultants 

(NAWC) operated these programs. NAWC analysis of potential effects of the seeding indicated 

positive effects (~6% to 17% for water years 1989 and 1990, Thompson et al., 1990).  It was 

.!7#ȭÓ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÔÈÁÔ ÔÈÉÓ ÐÒÏÇÒÁÍ ×ÁÓ ÄÉÓÃÏÎÔÉÎÕÅÄ ÆÏÌÌÏ×ÉÎÇ ×ÁÔÅÒ ÙÅÁÒ ρωωφ ÄÕÅ ÔÏ 

budgetary considerations.  

The Salt Lake City Department of Public Utilities (SLCDPU) was contacted by the Utah 

Division of Water Resources regarding the cloud-seeding program.  Following discussions, 

SLCDPU expressed an interest in re-establishing a cloud seeding program to impact the Six 

#ÒÅÅËȭÓ ÄÒÁÉÎÁÇÅ ÂÁÓÉÎÓ ÔÈÁÔ ÐÒÏÖÉÄÅ ÒÕÎÏÆÆ ÔÏ ÔÈÅ 3ÁÌÔ ,ÁËÅ 6ÁÌÌÅÙȢ 4ÈÉs interest was expressed 

in a letter to Candice Hasenyager, coordinator of the Utah Division of Water Resources cloud 

seeding programs, that would enable cost sharing of this program with the Utah Division of 

Water Resources (e.g., up to 50% cost sharing state support).  

NAWC contacted the SLCDPU and it was agreed that NAWC would prepare a proposal to 

conduct a program for the 2018-2019 winter season. The goal of the program would be to 

augment the flows of City Creek, Emigration Creek, Parleys Creek, Mill Creek, Big Cottonwood 

Creek and Little Cottonwood Creek. Figure 1.1 provides a map of the proposed target area, 

including the Six Creeks drainage areas above 6000 feet MSL. The SLCDPU accepted this 

proposal and an agreement was signed effective November 19, 2018.  The 2018-2019 program 

ran from mid-December 2018 through April 18, 2019, ending before the agreed-upon date of 

April 30 due to high snow water content in the target basins. 

During the summer of 2019, additional discussions between NAWC and SLCDPU took 

place regarding the continuation of the program for the 2019-2020 season.  An agreement was 

forged and a second season of cloud seeding operations was put into place, scheduled to 

operate from November 15, 2019 through April 15, 2020.  This report focuses on the design, 

implementation, and operation of the program for the 2019-2020 winter season. 
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Figure 1.1  Six Creeks Target Area 
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2.0      CLOUD SEEDING THEORY 

Clouds form when temperatures in the atmosphere reach saturation, that is, a relative 

humidity of 100%. This saturated condition causes water vapor to condense around a nucleus 

forming a cloud droplet. These nuclei, which may be small particles like salts formed through 

evaporation off the oceans, are known as cloud condensation nuclei. Clouds can be composed 

of water droplets, ice crystals or a combination of the two. Clouds that are entirely warmer 

than freezing are sometimes referred to as warm clouds. Likewise, clouds that are colder than 

freezing are sometimes referred to as cold clouds. Cold clouds may have cloud bases that are 

warmer than freezing. Precipitation can occur naturally from both types of clouds. 

In warm clouds, cloud droplets that survive long enough (and especially when cloud 

drops are of different sizes) may collide and grow to raindrop sizes, subsequently falling to the 

ground as rain. This process is known as collision/coalescence. This process is especially 

important in tropical clouds but can also occur in more temperate climates. 

In cold regions (< 0°C) of clouds, it is possible for cloud water droplets to remain in a 

liquid state; this is a function of the purity of the cloud water droplets. In a laboratory 

environment, pure water droplets can remain unfrozen down to a temperature of -39°C. 

Natural impuritie s in the atmosphere can cause cloud droplets that are colder than freezing 

(usually referred to as supercooled) to freeze. These supercooled cloud droplets are what 

causes icing to occur on aircraft. The natural impurities often consist of tiny soil particles or 

bacteria. These impurities are referred to as freezing nuclei. A supercooled cloud droplet can 

be frozen when it collides with one of these natural freezing nuclei thus forming an ice crystal. 

This process is known as contact nucleation. A water droplet may also be formed on a freezing 

nucleus, which has hygroscopic (water attracting) characteristics. This same nucleus can then 

cause the water droplet to freeze at temperatures less than about -5°C forming an ice crystal. 

This process is known as condensation/freezing. Once an ice crystal is formed within a cloud it 

will grow as cloud droplets around it evaporate and add their mass to the ice crystal, 

eventually forming a snowflake (diffusional growth). Ice crystals can also gain mass as they fall 

and contact, then freeze, other supercooled cloud droplets, a process known as riming. These 

snowflakes may reach the ground as snow if temperatures at the surface are 0°C or colder. 

They may reach the surface as raindrops if surface temperatures are warmer than freezing. 

2ÅÓÅÁÒÃÈ ÃÏÎÄÕÃÔÅÄ ÉÎ ÔÈÅ ÌÁÔÅ ρωτπȭÓ ÄÅÍÏÎÓÔÒÁÔÅÄ ÔÈÁÔ ÔÉÎÙ ÐÁÒÔÉÃÌÅÓ ÏÆ ÓÉÌÖÅÒ ÉÏÄÉÄÅ 

could mimic natural impurities and serve as freezing nuclei at temperatures colder than -5°C. 

In fact, these silver iodide particles were shown to be much more active at temperatures 

between -5°C and -15°C than the natural freezing nuclei found in the atmosphere. Therefore, 

most modern day attempts to modify clouds to produce more precipitation (or reduce hail) 

have used silver iodide as a seeding agent. By definition, these programs are conducted to 

affect colder portions of clouds, typically cloud regions that are -5°C or colder (i.e., cold clouds). 
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These programs are sometimes called cold cloud or glaciogenic seeding programs. Glaciogenic 

cloud seeding can be conducted in summer convective clouds whose tops pass through the -

5°C level, and in winter stratiform clouds that reach at least the -5°C level. 

There have been research and operational programs designed to increase precipitation 

from warm clouds. The seeding agents used in these programs are hygroscopic (water 

attracting) particles, typically some kind of salt (e.g., calcium chloride). These salt particles can 

form additional cloud droplets, which may add to the rainfall reaching the ground. This seeding 

technique, which is sometimes referred to as warm cloud or hygroscopic seeding, can also 

modify the warm portion of clouds that then grow vertically to reach temperatures colder than 

freezing. A research program conducted in South Africa targeting these types of clouds 

indicated that such seeding did increase the amount of rainfall from the seeded clouds. 

In summary, most present-day winter cloud seeding programs introduce a seeding 

agent, such as microscopic sized silver iodide particles, into clouds whose temperatures are 

colder than freezing. These silver iodide particles can cause cloud droplets to freeze, forming 

ice crystals. These ice crystals can grow to snowflake sizes, falling to the ground as snow or as 

rain depending on the surface temperature. 
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3.0 PROJECT DESIGN 

3.1 Background      

Operational procedures during the 2019-2020 Six Creeks cloud seeding program 

utilized the basic principles of applying cloud seeding technology that have been shown to be 

effective during more than 40 years of wintertime cloud seeding for some mountainous 

regions of Utah. Continued increases in availability of weather data and forecast products have 

led to improved seeding opportunity recognition capabilities, and continued analysis of the 

effectiveness of operational cloud seeding projects is leading to improved confidence in the 

accuracy of the long-term average effects of such programs. NAWC has incorporated 

observational, seeding method and evaluation enhancements into the project when they are 

believed to be of practical value. 

3.2 Seedability Criteria  

Project operations have utilized a selective seeding approach, which has proven to be 

the most efficient method, providing the most cost-effective results. Selective seeding means 

that seeding is conducted only during storms or portions of storms when seeding is likely to be 

effective. These decisions are based on several criteria, which determine the seedability of the 

storm and deal with meteorological characteristics (temperature, stability, wind flow and 

moisture content) associated with winter cloud systems. The following seeding criteria has 

been established by NAWC for its Utah winter cloud seeding programs: 

¶ Cloud bases are below the mountain barrier crest 

 

¶ Low-level wind directions and speeds would favor the movement of the silver iodide 

particles from their release points into the intended target area 

 

¶ No low-level atmospheric inversions or stable layers that would restrict the vertical 

movement of the silver iodide (AgI) particles from the surface to at least the -5°C (23°F) 

level or colder 

 

¶ Temperature at mountain barrier crest height expected to be -5°C (23°F) or colder 

 

¶ Temperature at the 700 mb level (approximately 10,000 feet MSL) expected to be 

warmer than -15°C (5°F) 

 

Seeding cannot be effective unless the seeding material reaches portions of clouds equal 

to or colder than the warmest activation temperature (near -5°C) for silver iodide (AgI). After 
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combustion, the silver iodide solution produces ice-forming nuclei (crystals), which closely 

resemble natural ice crystals in structure. These crystals become active as ice-forming nuclei 

beginning at temperatures near -5°C (23°F) in-cloud. Since experience has indicated that 

seeding is most effective within a particular temperature "seeding window" (Griffith et al., 

2013), the seeding generators were operated only during those periods when the 

temperatures within the cloud mass were between about -5°C and -25°C (+23°F to -13°F). 

Seeding will generally be effective within this range, if the cloud base is at a lower elevation 

than the mountain crest and no temperature inversions or other stable layers exist between 

the elevation of the cloud seeding generator and the cloud base. The existence of low-level 

inversions, or any significant stable layers, can inhibit the effects of seeding by trapping AgI 

particles released from ground-based sources and preventing them from traveling to portions 

of the cloud where they can aid in nucleation and eventual precipitation production. For the 

seeding to be effective, the AgI crystals must become active in the cloud region which contains 

supercooled liquid water droplets sufficiently far upwind of the mountain crest so that the 

available supercooled liquid water can be effectively converted to ice crystals which will then 

grow to snowflake sizes and fall out of the cloud onto the mountain barrier. If the AgI crystals 

take too long to become active, or if the temperature upwind of the crest is too warm, the 

plume will pass from the generator through the precipitation formation zone and over the 

mountain crest without freezing the cloud drops in time to affect precipitation in the desired 

area. 

-ÏÓÔ ÓÔÏÒÍÓ ÔÈÁÔ ÁÆÆÅÃÔ 5ÔÁÈȭÓ ÍÏÕÎÔÁÉÎÓ ÁÒÅ ÁÓÓÏÃÉÁÔÅÄ ×ÉÔÈ ÓÙÎÏÐÔÉÃ ɉÌÁÒÇÅ-scale) 

weather systems that move into Utah from the Pacific Ocean from the southwest, west, or 

northwest. Usually they consist of a frontal system and/or an upper trough, with the air 

preceding the front or trough flowing from the south or southwest. As the front/trough passes 

through the area, the wind flow changes to the west, northwest, or north and the atmosphere 

cools. Clouds and precipitation may precede the front/trough passage, or they may mostly 

occur along the boundary of the colder air mass that moves into the region, and in some cases, 

continuing in the airmass behind the front or trough.  For that reason, the seeding generators 

were situated to enable effective targeting in varying wind flow regimes, primarily ranging 

from southwesterly to northwesterly. Winds in meteorology are reported from which the 

winds are blowing. For example, a southwest wind means the winds are blowing from the 

southwest towards the northeast. 

3.3 Equipment and Project Set -Up 

The locations of the eight cloud nuclei generators (CNGs) are shown in Figure 3.1, with 

site information in Table 3-1. It should be noted that winds during winter storms in Utah 

typically blow in a general west to east fashion, usually from the southwest before frontal 

passages and from the northwest following frontal passages. The sites were located to 

maximize their potential use during typical storm periods. 
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Figure 3.1  Target Area and Seeding Site Locations  

 

Table 3-1 
Seeding Site Locations 

  

Site 
Number  

Name 
Latitude 

(°N) 
Longitude 

(°W)  
Elevation 

(ft)  

1 Baskin Reservoir 40.7438 111.8183 4835 

2 Mountain Dell Treatment 40.7488 111.7227 5380 

3 45th South Pump Station 40.6747 111.8014 4950 

4 White Reservoir 40.6772 111.7760 5620 

5 
Big Cottonwood Canyon 

Water Treatment 
40.6189 111.7818 4993 

6 Little Cottonwood 40.576 111.798 5170 

7 Wasatch Resort 40.571 111.763 5650 

8 Alpine 40.479 111.755 5440 

 



8 
 

The cloud seeding equipment at each site includes a CNG unit and a propane gas supply 

tank. Figure 3.2 shows the White Reservoir site. The seeding solution consists of 2% (by 

weight) silver iodide (AgI), complexed with small portions of sodium iodide and para-

dichlorobenzene, in solution with acetone. This formula is designed specifically to be a fast-

acting nucleation agent via the condensation-freezing mechanism, rather than via the slower 

contact nucleation mechanism. This is an important characteristic, given the relatively narrow 

mountain barriers within the cloud seeding target areas in Utah.  

When a site was in operation, the propane gas pressurized the solution tank, which 

forces the solution into the burn chamber. The regulated seeding solution is sprayed into the 

propane flame, where microscopic silver iodide crystals are formed through the combustion 

process. The silver iodide is released at a rate of eight grams per hour. NAWC has a standing 

policy of operating within guidelines adopted to ensure public safety. Accordingly, NAWC, 

working in conjunction with the Utah Division of Water Resources, has developed criteria and 

procedures for the suspension of cloud seeding operations. Appendix A provides the resulting 

suspension criteria. 

 

 

Figure 3.2  White Reservoir Cloud Seeding Site.  Cloud Nuclei Generator (CNG) on the 
right and propane tank on the left.  








































































